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1 Introduction 



Two methods have been proposed in order to extend the SU{2) Skyrme-sohton model 
to strange baryons, starting with the SU{3)l x SU{3)r chiral symmetric meson theory. 
One is the SU (3) collective-coordinate method, which is a natural extension of the SU (2) 
model . The other is the bound-state approach to strangeness, in which the flavor 
SU{3) symmetry in the baryon sector is not presumed 0. 

The nonlinear sigma model supplemented by the Wess-Zumino term is supposed to 
be an effective theory of QCD at the large Nc limit, where Nc is the number of colors |^. 
Baryons are described in terms of solitons which are given as a classical solution of the 
nonlinear sigma model with appropriate stabilizing terms at leading order in the l/N^ 
expansion. The Skyrme model has been revived as such a theory [|], Thus, extension 
of the SU{2) Skyrme-soliton model to the strange baryons should be consistent with 
the 1/Nc expansion in the large Nc world. In this respect the bound-state approach to 
strangeness seems to be more suitable for the extension of the SU{2) soliton model to 
strangeness and other heavy flavors . 

Since the proposal by Callan and Klebanov |^ it has been found that the bound- 
state approach to strangeness works fairly well in describing the mass spectrum and 
magnetic moments of hyperons |0~|l6[ . Kaon-nucleon background scattering has also 
been studied . There have been attempts to obtain the kaon coupling constants in the 
bound-state approach |]TB|,|TP[ . However, meson-baryon scattering amplitudes including the 



strangeness exchange processes have not fully been developed so far within this approach. 

In this paper we calculate the kaon coupling constants at hyperon-nucleon vertices 
and the pion ones at hyperon-hyperon vertices, where the positive-parity hyperons such 
as A, S and S(1385) denoted as S* are the P-wave bound states of antikaon to the 
SU{2) soliton and A(1405) denoted as A* is the S-wave bound state. We also discuss the 
possible existence of negative-parity S states with spin 1/2 and 3/2, which are induced 



from the S-wave bound kaon. The kaon and pion couphng constants are properly defined 
as matrix elements of the source terms of the mesons sandwiched between the two single- 
baryon states according to the prescription developed for resolving the Yukawa coupling 
problem in the SU{2) Skyrme-soliton model |]20| , ^ . Our method is simple, transparent 
and applicable to a wide range of meson vertices. Since we are interested in formulating 
the meson-baryon vertices including heavy quantum numbers, we restrict ourselves to the 
simplest Lagrangian which preserves the essentials of the bound-state approach. 

In order to make numerical calculations we take the two sets of the parameters of 
the model, the pion decay constant and the Skyrme constant e; Set I consists of 
/tt = 54MeV and e = 4.84, and Set II does of = 93MeV and e = 4.0. The parameters 
in Set I have been tuned so as to fit the masses of the nucleon and the A isobar by Adkins 
et al. In Set II the pion decay constant is kept equal to the physical value and the 
Skyrme constant is taken so as to give a reasonable size of the soliton and to reproduce 
the mass difference between the nucleon and the A isobar. Although the soliton has a 
large classical mass in Set II, it is reduced to a reasonable value if the one-loop corrections 
of 0{N^) are taken into account p2| , p3| ; for example, the resultant Skyrmion mass is 873 
MeV according to ref. ||2^ . 

The sizes of the pseudovector coupling constants /ynk to the positive hyperons are 
found to be close to those given by the compilation of the coupling constants p4|,p5|. The 



coupling constant Ga*nk in Set II is close to the phenomenological value [^], but the one 
in Set I may be too large. Our results suggest that the parameter set II is more favorable 
than those of Set I. 

In the next section the Lagrangian and Hamiltonian in the bound-state approach 
are given. The matrix element of the Hamiltonian in the intrinsic frame of the soliton 
is discussed in Appendix. The kaon and pion coupling constants to the positive parity 
hyperons are defined in the section 3. The kaon coupling to A* is given, and the possibility 
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of S states with negative parity predicted by the model are discussed in section 4. The 
conclusions and discussion are given in the last section. 

2 Lagrangian and Hamiltonian 

For the sake of being self-contained, we give the Lagrangian and the Hamiltonian in this 
section. We start with the chiral SU (3) x SU (3) symmetric Lagrangian broken only by 
finite masses of the pion and kaon. The kaon fields are introduced as the fluctuations 
around the SU{2) soliton according to the standard Callan-Klebanov ansatz 



U=^U^Uk\JU^. (2.1) 

The kaon part is written as 

f7. = exp|,#f« ':;)1, (2.2) 



where 



and the pion part is 



with 



(2.3) 



U = ^{^O + iTa^a), (2.5) 

where $a is the total pion field, which consists of the classical Skyrmion configuration of 

0{Nl''^) and the fluctuation field of 0(A^°) under the constraint <l>g = - ^ $2 [^|. 
The Lagrangian density C is written as 

C = Csky + CK + OiK""), (2.6) 

where Cgky is the SU{2) Skyrme Lagrangian, 

Csky = ^^aGab^b ' V[$a, V$a], (2.7) 



where the exphcit expressions of Gab and V are not given here. Ck is bihnear in and 
K: 

Ck = {D^Ky{D^K)-mj,K^K + lmUl-%K^K--^K^K{d,^aXabd''% 



4^2/2 

-{D^K)^ [ZiSabcd^^ad^'^brc + QU{V^d''^o - Vd^^^)] {D,K)] 

-i^^B^ {k\D,K) - {D,K)^k} , (2.8) 

where k — e/jr and 

= d^ + V^, (2.9) 
= ei''"''^-^TT{u^d,uu^daUu^dpu) with = (2.11) 

^a. = <^a.+ %|^. (2.12) 

In order to get the Hamiltonian we extract the time-derivative terms from C^', 

+kHx K - kHxk - iEa^a 

+^aGab'^b + C\ (2.13) 

where C does not include any time-derivatives of the kaon and pion fields, and 

/ = l + -^{di<^aXabdi<^b), (2.14) 

A = ^5°, (2.15) 

77„ = / V^K + I - Xabdi^b + SiSabcdi^bTc 

+6U (v,%^o + I {D,K), (2.16) 

Ea = 2K^(XV^-X'^Vi)K + X'^(m^K-K^m). (2.17) 



When is set to the leading classical configuration, the term Gab bilinear in the kaon 
fields is of 0(iV~^), but rja and are of O^N^^^"^). We neglect the term ^aGab^b hereafter. 
In the above and Af are defined as 



= (2.18 



^'^^a = TJ^Bi. (2.19) 



We define the momentum fields canonically conjugate to K{xy and ^a{x) as 

n(^) = ji^,= fK + i\K + r]a^a, (2.20) 

^«(^) = ji^ = Gab^b-t^a + K^Va+vlK. (2.21) 

Note that and i^^ are solved in terms of tt, 11 and 11"'' without any constraints; 

k = f-'[U-tXK-7]aG-\br^b] + 0{K^), (2.22) 
$a = G-\,{n, + tE,-[4f-'[U-tXK-r],G-\,7f,] + h.c.)}. (2.23) 

Then the canonical commutation relations hold among the fields; 

[$,(x, t), TThiy, t)] = t5abS{^ - y), (2.24) 

[irt(x,t),n^(y,t)] =z5„^5(x-y). (2.25) 
This is because the massive kaon fields do not contain the zero-mode wave functions of 



the SU (2) Skyrmion configuration, and because the pion fields are the total fields ^0 
We can construct the Hamiltonian density through the conventional method as 

Ti- = Hsky + 'Hk + 'Httk, (2.26) 
where Hsky is the one of the SU (2) Skyrme model 

n,ky = \inaG-\bnb) + V[0, V0]. (2.27) 
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The Hamiltonian density TIk is given as 



Uk = [U^ + iK^X]f~^[Il-iXK] + {DiKydij{DjK) 

+[m'K-lrnl{l-^)-vo]K^K, (2.28) 



with 



dij = 5ijf + ^^{-di^aXabdj^b 

+3teabcdi^adj^brc + QfAVA% - VjO^^)} , (2.29) 

^0 = ■^\di^aXabdi^b+^m^aXabdi^b)(dj^cXaidj^d) 

-(ai$„X„ea,$c)(ai*6X6da,*d)] I . (2.30) 

The last part, Httk, is hnear in tTq and written as 

= ITTaG-'ab^b - [{7VaG-\bVb)^ D'^ (H - iXK) + h.C.j . (2.31) 

We should note that all the fields are defined in the laboratory system. 

The Hamiltonian written in terms of the fields in the intrinsic frame of the Skyrme- 
soliton is given in Appendix. The bound state parameters are tabulated in Table I. The 
masses of the positive parity hyperons are less than the empirical values, and the mass 
difference between A and E is a little bit large for the both sets of the model parameters. 
On the other hand the mass difference between A* and A is a little bit small. But our 
aim is not to search for the best parameters fitting to the baryon masses in this paper. 

Table I 
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3 Kaon and pion couplings to positive-parity hyper- 
ons 



In order to get the scattering amplitudes for the kaon, we introduce the asymptotic fields 
of the kaon, Ki^i^x) and i^out(a;)7 which satisfy the free field equations: 

Ka-M = E (27r)3/2^ {&.(k)e-^- + at (k)e-^-} , (3.1) 

KiM = E (2vr)3/2y2^ {aa{k)e-''^ + bUk)e^'^} (3.2) 

with cuk = \J'k? + niKi and a^ik) (&ci,(k)) is the annihilation operator of the antikaon (kaon) 
of the in-state with isospin index a = 1/2, —1/2. The same forms are defined for out- 
fields. The field Ka{x) in the previous section is the interpolating field from the in-state 
to the out-state. The similar in- and out-fields are introduced to the pion fields, where the 
total field ^a{x) itself plays a role of the interpolating field from the in-state to the out- 



state [20|. The single-baryon state with the definite spin, isospin and momentum is given 
as the rotating and translating Skyrme-soliton including a bound-state antikaon, if the 
baryon has strangeness. The Fock space is spanned by the in- and out-states composed of 
the in- and out- creation operators of the mesons acting on the single-baryon state. The 
baryon state is not the eigenstate of H = J d^xH, but < B{p')\H\B{p) >= Eb{p)S{p' —p) 
as shown in the Appendix, where Eb = Ms+p'^ /2Mb and terms of 0{N~'^) are discarded. 
Thus, the scattering amplitude can be written through the LSZ reduction formula |2^ 



as follows; 

Tkn^kn = ^(2vr)3|dW='^'<iV((p')|r(jf (x)jf(O); 

+6{x')[kl{x), (0)] - zuj,,6{x')[Kl{x), J^m\N{p) > (3.3) 

for Ka{k) + A^(p) — > K^(k') + N{p'). The second line of the above expression consisting 
of the equal-time commutators is called the seagull term or the contact term. The factor 
(27r)'^ comes from the normalization of the baryon wave function. Strangeness exchange 

8 



scattering is described in terms of the kaon and pion source terms as follows; 
TK^^^y = z(2vr)3|rfW^<F((p')|T(j,-(x)jf(0)) 

+6ix')[Mx),J^m-^^A^')[My),Jam\Nip) > (3.4) 

for Ka(k) + ^(p) ^^(q) + ^(p')- the above the kaon and pion source terms are 
defined as 

J^{x) = Ka + {-V^ + ml)K^{x), (3.5) 
J:(x) = <l>, + (-V2 + m2)$„(x). (3.6) 

Inserting the single-baryon states into the time-ordered product term, we get the 
Born terms, the residues of which are written in terms of the kaon and pion source terms 
sandwiched between two single-baryon states. 

3.1 Kaon couplings 

The source term in this section is restricted to leading order in the 1/Nc expansion when 
it is sandwiched between the single-baryon states. The second derivative with respect to 
if: is written as 



(3.7) 



at 0(A^°) through the commutator where Hk = J d^xTix, and 

k = f-\U-iXK). (3.8) 

The commutator with H^ky gives higher order terms. Note that Eg. ( ^.7] ) is the equation 
of motion to Ka in the laboratory system. 

When we calculate the matrix element of the source term sandwiched between the 
hyperon and nucleon, the kaon fields are transformed into the fields defined in the intrin- 
sic frame, while the pion fields are reduced to the classical Skyrmion fields in the tree 
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approximation as follows: 

K^x) - AaXii^-Mt),^), (3.9) 

M^) = Rai{t)M^-Mt)): (3.10) 

M^) = 0o(x-X(t)), (3.11) 
0o(r) = /^cosF(r) and ^^(r) = /^f^ sin F(r), (3.12) 

where r = r/r and F{r) is the profile function of the Skyrmion, A(t) the SU{2) matrix 
as the collective coordinates for the iso-rotation, R^i the orthogonal rotation matrix, 
and X(i) the center of the Skyrmion as another set of the collective coordinates for the 
translational motion. 

The kaon field in the intrinsic frame is expanded as 

X:(r, t) = Y^ A;^(r)e---* + aj^ A;^(r)e*--*} , (3.13) 

N 

where N — {£, T, T3} with £ being the orbital angular momentum and T and T3 being 
the quantum numbers ofT = L + T/2, and a at and ujn and ujn) are the destruction 
operator and energy of the strangeness S — —1 (+1) kaon with the quantum number N. 
We only take the part associated with 5" = — 1 in the eigenmode expansion, hereafter. 
The charge-conjugate eigenmode is written as 

k%{r) = k;Ar)Y'TeT,{0,<l>) (3.14) 



with 



(3.15) 



2' 2' 2 

where Y£fn{9, 0) is the usual spherical harmonics. 

We now calculate the matrix elements of J^(0), function of $(0) and K{0), sandwiched 
between < Y\ and >: 

< r(p')|4^[$(0),i^(0)]|iV(p) >=< F(p')|A«,J-f [0(-X(O)),/C(-X(O))]|iV(p) > 
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(27r)3 J '''' < Y\A^iJi[<P{r),}C{r)]\N >= ^ < F| j;^^'(k) |iV > (3.16) 

where k = p' — p. In the above the eigenstate of X(0), |r >, is introduced and used is 
< r|A^(p) >= exp(irp)/(27r)'^/^|A^ > [2C]. We denoted the source term in the intrinsic 
frame as J^f^ir, 0), which is written as 



J''{r,0) = A:(r,0) + (-V2 + m^)/C(r,0) 



(3.17) 



N 



with cun being the bound state energy, where we discarded A and A, because they are of 
higher order in the 1/Nc expansion, and used the equation of motion to /Ci(r). 
For the positive parity hyperons we take values i = 1 and T = 1/2, and then 

"1/2V 3 11 ^ -I/2V 3 10 I 

/Cp(r, t) = fc*(r)e^^i* = h{r)e''^''ni{a^; 9, (j)), (3.18) 

, /iy* -I- , fiv* 

\ "1/2V 3 10 ^ "-I/2V 3 1-1 / 

where ki{r) is the radial wave function, and a| with t = ±1/2 denotes a\ ^^^t- Thus, we 
can write the Fourier transform of J',^ as 



d^rji{kr)ki{r)ifti{a^] k). 



(3.19) 



where ui is the P-wave bound-state energy and k = k//c. 
Now, we define here the nucleon state as |H 



\N >= \i3,j3 >-- 



and the hyperon A, S and S* states as 



l)l/2+.3^1/2_^.^(0)|O>, 



(3.20) 



\Y > 



I, h; J, J3 > 



J2<J, Js\I, J3-t;l,t> ^^LL}L^_iY^hDLj,j,.mal\0 >, (3.21) 
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where 9 denotes the three Euler angles of the iso-rotation |T^J2^. We express the SU{2) 

1 /2 

iso-rotation A as A^j = Dj^ (0). Thus, we have 

< F|A,,:^(k)|iV >= Ay;v^(cr . k)G,{k), (3.22) 
where the vertex function Gi{k) for the P-wave kaon is given as 

Giik) = v^ ^"""'"^'^ / drr^jiikr)ki{r), (3.23) 



k 

and <T should be replaced by the transition spin matrix, S, from J=l/2toJ = 3/2 for 
Y = E*, which we define as {Si)mn =< 3/2,77111,2; 1/2, n >. The coefficients, Ay^v's, are 
given in Table II, where we note that the minus sign is multiplied to the vertices with 
K~ meson, because the correct isospin multiplet of the atikaon is (K^ , —K~), while our 
antikaon multiplet is {K~,K^). 

Fixing the common mass scale at rriK for the kaon coupling constants, we define the 
pseudovector coupling constant fYNx/fnK as 



-f 2 2 

= Va^Ayn fim "^^7"^' / drr^ji{kr)k,{r), (3.24) 
rriK '^k^'^i k J 

because the Born term has the pole at = My — M^, that is Uk = Ui at leading order 
in the 1/Nc expansion. Using the asymptotic form of the normalized bound-state wave 
function, 

ki{r) ~ «i^^^e-«i^ (3.25) 



with Ki = \Jm\ — ujf, we have 

fvNK 



AnAYNai. (3.26) 



TJlK 

Note that the dimension of ai is linear in length from the normalization condition on ki. 
The pseudoscalar coupling constant Gynk is given by 

M^ + My 

(jynk — jynk- i'j-^'j 

rriK 
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According to the compilation of coupling constants of 1982-Edition EM and Ref. pS 
the empirical coupling constants are given, respectively, as 

i/Apif-| _ 0.89 ±0.10 I f^°P^~ I < 0.43 ±0.07, 



^Att V47r 

(3.28) 

if^pK-i _ 0.94 ±0.03 I ^'^°P^~ I = 0.25 ±0.05, 



while our results on \fApK-/V^\ are 1.35 for Set I and 0.92 for Set II, and |/sOpii'-/\/47r| 
are 0.45 and 0.31 for Set I and II, respectively. The parameter set II seems to be better 
than Set I. These results are very encouraging to the model. We note that if we use the 
F/D ratio at = 3, we get the F/D = (3^3- 1)/(3V3±3) = 0.507 from Aajv and A^tv, 
that is not far from l/VS = 0.577, which will be given later from the pion couplings to 
the hyperons. The coefficients Ayn and the pseudovector coupling constants /yntt/V^ 
are summarized in Table II. 

Table II 

3.2 Pion couplings 

In order to derive the pion source term we have to calculate the second derivative of the 
total pion field with respect to time: $a is given through the commutator with Hg^y as 



= -G'^ /^?:^'^^ ± terms with 7t\ (3.29) 

Note that if $a's are replaced by the classical fields of 0{N^^'^), 5V/(5$6 = is the 
equation of motion to the classical soliton configuration, and that the terms with vr^ are 
discarded, since they are of O^N'^^"^). Thus, the leading pion source term comes from 
(— ±m^)$(j, which gives the pion coupling constants of 0{N^^'^) to the positive parity 
hyperons as shown for the nucleon and A couplings [^]. For the positive parity hyperons 
the leading source term of the pion is given as 

J:iO) = i-V' + ml)^M, (3.30) 
13 



and then the pion couphng constant is written as 

< Yy^ici)\Y >=< Y'\Ra,J^iq)\Y >, (3.31) 
where the rotational matrix Rai = l/2Tr(TaATiA''') is represented by (— l)"Di^ j(6) as 

1 /2 

the function of the Euler angles of the iso-rotation, that is consistent with A^i = Dj^^ (0) 
used previously, and 

Jf{q) = iqi^ / d'rji{qr)UsmF{r). (3.32) 
q J 

Then we have 

< y'l J^(q)|y >= Ay'y(i<T • q) I'^.'G'M (3-33) 

for Y' — Ti and y = E or A, and {Ia^)i'^is —< I' I'^lla; 1 13 > is the transition isospin 

matrix from I to For y = y = E we define the isospin matrix for 7 = 1 as {laY'^^^ — 

\/2 < 1/3 1 la; 1/3 >. The vertex function GTr{q) is given as 

2 

Gl{q) = 471^ U I drr^jiiqr) sinF(r). (3.34) 
q J 

For Y' = E* and F = E, A, 

< Y'\r-(ci)\Y >= As.y(iS • q) If G;(?). (3.35) 

The residue of the E* resonance in the elastic ttA — > E* — > ttA process is written as 

(S . q')^(S . q)A|.^G;'(g) = P3(q', q)A|,^iG;%), (3.36) 
^3(q,q) = 3(q' ■ q) - (a ■ q')(o- ■ q), (3.37) 

where P3(q',q) is the projection operator of — 3/2+. Note that an extra factor 1/3 
appears in the residue. 

Setting the mass scale to the pion mass for the pion coupling constants, we define the 
pseudovector pion coupling constant fy'Yn as 



Y'Ytt 



Airf^Ayy lim ^ [ drr'^ji{qr) sin F{r), (3.38) 

UJq—>0 Q J 



t^q^u q 
14 



because the Bom term has the pole at Uq = My — My, that is zero at leading order. The 
argument similar to Eq. (|3.26|) gives the pion coupling constant as 

= AtiAy'yUo:^, (3.39) 

where we used the form of F{r) for large r, 

F{r) ~ ^7 e""'^^- (3.40) 

We find that the pion coupling constants of the hyperons are near the empirical values; 
hAn/V^ = 0.20 ± 0.01 and /ss^/v^ = 0.21 ± 0.02 |2|]. The pseudovector coupling 
constants and the coefficients are summarized in Table III, where we also give those of 
nonstrange nucleon and A. Since the ratio /s+s07r+//s+A7r+ is equal to one, the F/D ratio 
defined at iV^ = 3 becomes l/y/S. 

Table III 

The coefficients give the same ratios of the pion coupling constants as the SU{3) symmetry 
at the large A^^^ limit ; for example 

^ S°7r+)/(S*+ A7r+) = -1/2 
(A++ ^p7r+)/(S*+ ^ S°7r+) = -Vq. 

The NNn coupling constant fNNn is a little bit small for Set II than the one for Set I 
and the empirical value. We think, however, that the value of fNNn is much improved in 
Set II, since is kept equal to the physical value and the axial vector coupling constant 
qa becomes 1.03 in Set II compared to /^r = 54 MeV and qa = 0.65 in Set I. 

4 Kaon coupling to A* (1405) and negative- parity E 
states 

In the bound-state approach to strangeness A* is the bound state of the S-wave kaon. The 
S-wave bound state disappears as the kaon mass becomes small below the physical one, 
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for example the zero-energy bound state appears near ttik ^ 300MeV for the parameter 
set II, that is, the bound-state pole on the physical sheet moves to a resonance pole on 
the unphysical sheet of the K — N scattering amplitude. 
The kaon wave function in the intrinsic frame is given as 



}Cs{r,t) ^ k;{r)e 



iLOot 



1/2 00 

\ ~ ^1/2 ^00 
t _ 



= kl{r)e'^°'^lo{a^;e,<P), (4.1) 



where ko is the radial wave function, and a] — i^2f '^^^ ^* state is expressed as 



|A*;j3> = Ey^^oVt(0Wio> 



^^o%(0)43|O>- (4.2) 



Then, we have 



where 



< A*; J3\A^iJf{k)\N;js >= l=Go{k)5j,j„ (4.3) 



Go{k) = ^{ujI - ujD J drr^jo{kr)ko{r) (4.4) 

with cuq being the S-wave bound-state energy. The pseudoscalar kaon coupling constant 
to KA*N is of 0{N^) as the same as the kaon coupling constants for the positive parity 
hyperons and given as follows: Since the pole is at cok — Ma* — Mn — u;o + 0{N~^), we 
have 

Ga*nk = ViTrAAAT lim {ujI - Uq) / drr'^jo{kr)ko{r) 

= VAnA/^NaoKo, (4.5) 



where Kq = J mj^ — lUq and asymptotically 



ko{r) ~ ^e-'^o'^. (4.6) 



Note that ao'^o is dimensionless. 
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We get 

G'a*pX-/V4^= -1-45 and -0.72 (4.7) 

for Set I and II, respectively. According to the phenomenological analysis of the A* 
resonance contribution to KN and KN scattering length gives it to be 0.75 and 0.58 for 
= 0.25 and 0.15, respectively, where {Ga^pk-I = QKrI^k/ f-w pSj. So, the coupling 



constant in Set I seems to be too large. However, the experimental value of ImA^-p ~ 0.7 
fm would restrict the upper bound of G^.^^- /-s/ivr to about 0.6 for F* = 50 MeV with V* 
being the decay width of A*, because the imaginary parts coming from various channels 
sum up due to unitarity of the elastic amplitude and the imaginary part of the resonance 
amplitude is written as 

r* /2 

Since the SU (2) soliton has the rotational I = J band with / being an integral number 
0, 1, ■ ■ ■ for S = —1 channel, the bound-state approach generates S states with negative 
parity besides the A* state. We denote these states as S^y2 ^-^d Sg^g with spin 1/2 and 
3/2, respectively. Here we examine whether that can interact with non-exotic channels 
such as KN and nY channels. 

The S^^2 state is written as 



|S-/2;/3,J3>= E (-l)'+'=<^,J3|l,J3-t;|,t>^i,3,J3-t4|0>. (4.9) 

V °^ t=±l/2 ^ ^ 

The Y\'li2NK coupling constant is given as 

< S-,^; J,.h\Ac.^J?mN■j^ >= A^- ^Go{k)Sj,j,, (4.10) 



■^1/2^ 



where ^eo^jP ~ Vv^ and Aj.+ ^ = —1. S^^g would couple to Avr and Evr as like as Ga.stt! 
which are of 0(A^~"'^/^). Thus, the T,^^^ state can strongly interact with K^p and ttS, 
which are the elastic channels. 
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As to ^3^2 the model predicts that it cannot interact with the elastic KN channel, 
but can do with the FA at 0{N^): 

< I3, J3\AaiJfik)\A; Z3, J3 >= AEAGo{k)5j,j,. (4.11) 

The pion couplings among the negative-parity states A*, ^3/2 occur at leading 

order 0{N^^'^); for example, 

< S3/2; /3, J3I J:(g)|A*; j3 >= -^^(S ■ q)G.(g), (4.12) 

but it is also impossible to couple to the nY channels in the model. Thus, the E3^2 could 
not interact with the elastic channels. 

Is there a candidate for the ^1/2 1/3 state ? If cq is larger than ci, the mass difference 
between ^1/2 ^"^^ ^* cannot be larger than the mass difference between S and A. There- 
fore, ^1/2 could not be attributed to the established S(1750), because the mass spacing 
from A* is too large. There is an indication of an enhancement near 1480 MeV in the K^p 



mass spectrum, whose spin and parity are not known [29,30|. ^^^2 may be attributed to 
this S(1480), though it is not yet established, and if S^^2 exists realy, it would lie above 
but not far from the KN threshold. The resonance above the KN threshold contributes 
a positive value to the K~n scattering length. The mass difference between E3^2 
A* would be larger than Cq{M/^ — Mjy), but since it does not interact with the elastic 
channels, it may be difficult to observe the ^^2 state. 

5 Conclusions and discussion 

We have formulated the pion and kaon coupling constants to baryons with strangeness 
within the bound-state approach to strangeness in the Skyrme soliton model. The positive 
parity hyperon A(1115), S(1192) and S*(1385) appear as the bound states of the P-wave 
kaon to the SU{2) soliton, whereas the A*(1405) does as the S-wave bound state in this 
approach. 
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The pion fields used in the Lagrangian and Hamiltonian are defined as the total fields 
consisting of the classical Skyrmion fields and the fiuctuation. The kaon fields are intro- 
duced as the fiuctuation around the SU (2) soliton in the laboratory system according to 
the Callan-Klebanov ansatz [Q. The meson-baryon vertices are defined as the source terms 
of the pion and kaon fields sandwiched between the single-baryon states. The sandwiched 
source term is rewritten in terms of the variables in the intrinsic frame of the soliton; the 
pion field becomes the Skyrmion field and the kaon field does the bound-state one. The 
kaon coupling to the positive-parity hyperon is of nonrelativistic pseudovector type. The 
coupling constant is defined as the residue at the pole of the Born term. According to 
this definition the magnitude of the kaon coupling constant is controlled by the asymp- 
totic behavior of the normalized bound-state wave function as like as the pion coupling 
constant controlled by the asymptotic behavior of the chiral angle. Thus, if the equation 
to the bound state is the same, irrespectively to the ansatz by Callan-Klebanov or Blom 
et al, the resultant coupling constant deos not depends on the ansatz adopted. 

The order of the coupling constants in the 1/Nc expansion is such that fvNK is of 
O(iVO), fY'Y. of 0(A/'i/2) and G^-nk is of 0(A/'°). We found that the kaon vertex to the 
hyperon is of nonrelativistic pseudovector type as the same as the ttNN vertex. Since 
the A* state is the bound state of the S-wave kaon, strangeness cannot fiows within the 
baryon line from A* to the positive-parity hyperon states. In order to obtain Ga'Stt? we 
have to construct higher order pion source terms of 0(A'"~^/^), which are bilinear in K K. 
This elaborate task to construct the higher order source term of the pion will appear 
elsewhere. 

Our meson-baryon vertices are much more simple and transparent than those given 
in Refs. with respect to the definition of the vertices. If we adopt the SU (3) 

collective-coordinate method instead of the bound-state approach, the Lagrangian for the 
kaon fields as the fiuctuation around the nonstrange soliton is written as bilinear forms of 
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the kaon fields as the same as the bound-state approach. But it cannot straightforward 
give the Yukawa vertices, because the hyperons appear as the SU{3) rotating soliton and 
do not involve any kaons at tree level as in the SU (2) case for the pion vertices. The 
Yukawa coupling of the kaon occurs as higher order term coming from the fact that the 
rotating solitons breaks the equations of motion. Our method can be applicable to the 



SU{3) collective-coordinate method as in the SU{2) case though it would be much 
involved. 

From the comparison of the calculated kaon and pion coupling ggnstants with the 
phenomenological analyses p^j25| , p^ ], we found that the parameters of the model in Set 
II are better than those in Set I. We also note that the magnitude of qa of the nucleon 
is gA = 1-03 in Set II, but it is 0.65 in Set I. Although the value of /^r is fixed to the 
empirical value 93 MeV, the Skyrme constant is set to a rather small value, e = 4.0 in 
Set II. Such a small value of the Skyrme constant could not be supported by the chiral 
perturbation theory in the meson sector, but it seems that the Skyrme Lagrangian with 
the Set II parameters, having no chiral six order terms, is effectively equivalent to the one 
with a large value of the Skyrme constant supplemented by the standard six order term 
—l/2e\B^^B^ p^ , |23[| . The sizes of the kaon coupling constants in Set I in our method are 
about twice as large as those of Refs. [1^ . 

Since the SU{2) soliton has the rotational I = J band with / being an integral number 
0, 1, ■ ■ ■ for S = —1 channel, the bound-state approach generates baryons with the isospin 
such as / > 2 for the P-wave bound state and J > 1 for the S-wave bound state. All 
of the S states with negative parity are not exotic, because the S^^2 can interact with 
the KN and nY channels as discussed in the previous section. If the low-lying S states 
with negative parity predicted by the model are not observed at all, the prediction of the 
S states with negative parity may be a defect of the bound-state approach to Skyrme 
model. It is important, therefore, to reveal experimentally low energy resonances in the 
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KN and iiY channels for the vahdity of the modeL Nevertheless, we emphasize that the 
model can be applicable to low energy physics in great variety as an effective theory. 

This work was partially supported by a Grant-in-Aid for Scientific Research of Japan 
Ministry of Education, Science and Culture (No. 06640405). 

Appendix Hamiltonian in the intrinsic frame 

If we sandwich the total Hamiltonian H = J d^xTi between two single-hyperon states 

<y(p')|i/[$,7r;ir,n]|F(p) >, 
the total field $a and tTq are reduced to the classical Skyrmion configuration in the tree 



approximation pO[|, and also the kaon fields to the bound-state fields with the specific 
angular momentum, both of which are defined in the intrinsic frame of the Skyrme soliton. 
These are defined in Eqs.( |3.9|) to ( |3.13|) . The time-derivatives of them are given as 

k{x) = A(t)A: + A/C -X- V/C, (A.l) 

^a{x) = Raik-Rar^-'^k (A.2) 

with 

AtA = ^e., 

RajRai ^jib^bi 

where Ga is the angular velocity around the a-th iso-spin axis and X is the center of the 
Skyrmion. Since the mixing terms of the rotational and translational modes vanish or are 
of higher order, and Xi are given separately by their conjugate momenta, which are 
defined as 

dL 

= 7^=A5e„-QT„ (A.4) 
= -^ = M,X, + i^^ (A.5) 
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where la is the angular momentum of the sohton in the intrinsic frame, T is the spin of the 
bound kaon, (Ta)tt' = «l(Ta/2)af', and the constant q depends on the angular momentum 
of the bound kaon, which are given as 



Cl 

For the linear momentum denotes the kaon momentum defined as 

- J d\{fl^V)C + h.c.}, (A.8) 



where 11 is the momentum field in the intrinsic frame, which can be defined as f Kp+i\Kp. 
Thus, we can regard P5 = P — as the baryon momentum. We note that there are 
additional higher order terms in Eq. (|A.5|) , which vanish for the bound-state kaon, because 



the bound-state kaon has a definite angular momentum and parity. 

Then we have the intrinsic Hamiltonian responsible to the bound-states in the tree 
approximation: 

H = Ms+ E +^+ E (A.9) 

£=0,1 ^Ms £=o,l,t=±l/2 

We see that T^Trif is absorbed into the first term through the transformation from the 
laboratory to the intrinsic frame. Thus, we see that 

< y (p')|i^[$, vr; n]|r(p) >= (^M. + c^, + ^^1^ + ^) 5(P' - P) 
= [my + ^) 5(p' - p) + 0(iV-^), (A.IO) 
which is the nonrelativistic energy of the hyperon in the tree approximation. 
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Tables and Table Captions 



Table I Bound-state parameters. The parameters of the model are taken to be /,r = 54 
MeV and e = 4.84 in Set I, and = 93 MeV and e = 4.0 in Set II. The pion and 
kaon masses are taken as 138MeV and 495 MeV, respectively, for the both sets. 

Table II Ayn and the pseudovector coupling constants fvNK- The pseudoscalar cou- 
pling constant is given by Gynk = {My + M]^)/mK ■ fvNK- The empirical values 
with are taken from ref. 24), and those with **^ from ref. 25). 

Table III Ay/y and the pseudovector coupling constants. fNNir and f/^Nir are also given 
for comparison. Gy'y-k = {^y + MY')/mT^ ■ fyv'-K- The empirical values with *•* 
are taken from ref. 24), where the empirical value /s*A7r is multiplied by the extra 
factor Vs. ( See Eq. dBI) .) 





cJi(MeV) 


cJo(MeV) 


Cl 


Co 


l/As(MeV) 


Set I 


147 


339 


0.513 


0.816 


195 


Set II 


183 


434 


0.388 


0.788 


167 



Table I 
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Ayn 


|/yiVif/V47f| 


Set I 


Set II 


empirical 


= — Aa„ 


1/V2 


1.35 


0.92 


0.89 ±0.10*) 
0.94 ± 0.03**) 


As+p = As-„ 


-1/3 


0.64 


0.43 




AsOp = AsOn 


-I/3V2 


0.45 


0.31 


< 0.43 ± 0.07*) 
0.25 ± 0.05**) 


^E*+p = A2*-n 


-2/\/3 


2.21 


1.50 






-V2/3 


1.55 


1.06 





Table II 



Y'Y 


Ay'y 


\fY'Yn/V^\ 


Set I 


Set II 


empirical 


EA 


1/3 


0.25 


0.22 


0.20±0.01*) 


EE 


1/3 


0.25 


0.22 


0.21± 0.02*) 


E*A 


-I/V3 


0.43 


0.38 


0.25± 0.01*) 


E*E 




0.21 


0.19 




NN 


-1/3 


0.25 


0.22 


0.27 


AN 




0.54 


0.47 


0.47 



Table III 
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